Increasingly popular in the West is hummus, a spread that is made with pureed chickpeas and other healthful ingredients. The changes in texture measurements and sensory properties in a novel chickpea flour-based product occurring when water is partially replaced by common ingredients of hummus were investigated. Eleven chickpea gels containing different amounts of minced garlic, lemon juice, curry powder, and inulin were prepared and compared with two control gels. These ingredients were chosen to make the product tastier, appealing, and similar to hummus. Instrumental texture tests were carried out: uniaxial compression, stress relaxation, and texture profile analysis. Quantitative descriptive analysis was used to describe differences in sensory properties perceived by a trained panel, whereas repertory grid method combined with free choice profile was used to determine differences perceived by untrained consumers. Gels with higher curry powder content presented lower force to breakdown, whereas increasing inulin content led to gels with higher hardness. Principal component analysis was applied to instrumental parameters and quantitative descriptive analysis data, whereas generalized Procrustes analysis was applied to free choice profile data. This newly developed chickpea gel may make a nutrition claim with respect to protein (''high in protein,'' or at least a ''source of protein'').
INTRODUCTION
Increased interest in plant proteins in food has led to the evaluation of chickpea (Cicer arietinum L.) as a high-protein crop (Withana-Gamage et al., 2011) . The success of utilizing plant proteins as ingredients depends largely on the beneficial qualities they impart to foods (Kaur and Singh, 2005) . Legumes are a focal point of this interest because they contain 18-25% protein (Aguilera et al., 2009 ). Chickpea has acceptable levels of most essential amino acids according to the FAO/WHO/UNU reference pattern for preschool children and adults. Nutrition and health focus of consumer interest on the food supply, and also extensive research and technological developments in food science will provide further opportunities for new product development (Nehir and Simsek, 2012) . In accordance with the European Regulation on nutrition claims and conditions applying to them (Reg. 1924 (Reg. /2006 , ''source of protein'' and ''high in protein,'' and any claim likely to have the same meaning for the consumer, may only be made where at least 12 and 20%, respectively, of the energy value of the food is provided by protein.
Chickpea protein may be able to deliver various technological functions to different types of food product in which the protein is used as an ingredient. Therefore, chickpea flour has potential applications in new product formulation and fortification. This potential, however, will depend on its technologically important compositional, thermal, and functional properties, which essentially affect food sensory characteristics and play an important role in the physical behavior of foods or their ingredients during preparation, processing, and storage (Withana-Gamage et al., 2011) .
An alternative strategy to increase the consumption of chickpea-based products is to design and develop novel textures such as gels. Gels may be considered as composite materials, with swollen starch granules filling the polymer solution or polymer gel network (Jena and Bhattacharya, 2003) . In order to achieve gels of the desired characteristics, it is essential to know the technology for combining ingredients to produce an attractive, palatable, and safe food, as well as, in the current regulatory climate, give serious consideration to the formulation of the existing and recommended dietary guidelines (Nehir and Simsek, 2012) .
The food industry can contribute by improving the availability of healthy food choices, improving the nutrient profile of food, and increasing the content of bioactive compounds (Nehir and Simsek, 2012) . Ultimately, from a product development viewpoint, descriptive information is essential to establish causal relationships between those different properties and the change or modification of ingredients or variables during processing of the product (Stone and Sidel, 2004) .
Mostly, quantitative descriptive analysis (QDA) is used to describe differences in the sensory properties of many foods, involving a process that sometimes tends to be quite complex so experienced judges are needed. For this reason, information on the spontaneous sensations is lost (Varela and Ares, 2012) . To avoid this and obtain more direct information about the sensations that consumers perceive while eating, FCP can be used with the repertory grid (RG) method as a previous step. FCP differs from conventional profiling in that each consumer develops an individual list of terms to describe the samples rather than having a common scorecard. It remains similar in that the consumers must be able to detect differences between samples and verbally describe and quantify the perceived attributes (Oreskovich et al., 1991) . RG involves triadic or dyadic comparisons of products in one-on-one interviews in which consumers elicit their own set of ''constructs'' to describe similarities and differences between particular products (Russell and Cox, 2003) .
With the aim of formulating a novel chickpea flourbased product, the objectives of this work were: (a) firstly, to determine the changes in instrumental texture measurements and sensory properties of chickpea gels when part of the cooking water is replaced by different amounts of frequently included ingredients of hummus, using QDA to describe the differences in the sensory properties evaluated by a trained panel; (b) secondly, to evaluate the use of the FCP method to ascertain how consumers perceive the sensory properties of the same chickpea gels; (c) lastly, to relate instrumental properties to sensory attributes and sensations assessed by both trained and consumer panels.
MATERIALS AND METHODS

Chickpea gel ingredients
Spanish chickpea (Cicer arietinum cv. Castellano, Kabuli type) flour and seeds were commercially available products donated by the Los Pisones flour milling company (Zamora, Spain). Chickpea flour was supplied packed in polyethylene pouches (500 g) and was stored in watertight containers (10 C and 73 AE 3% relative humidity) until use. Mean values for proximate analysis (g 100 g -1 ) of chickpea flour samples (as analyzed by the AOAC method, 1984) were: moisture, 8.49 AE 0.34, total ash, 2.77 AE 0.24, and crude protein (N Â 6.25), 20.48 AE 0.05. The ingredients used in the preparation of the different gels were: chickpea flour, water in which the chickpea seeds had been cooked, common salt (NaCl), tahini (The Prince Tahina Company Ltd., Israel), chopped onion (Jesu´s Navarro, S.A., Alicante, Spain), minced garlic (Ducros, McCormick Espan˜a, S.A., Sabadell, Spain), curry powder (Productos Maripaz, S.A., Murcia, Spain), extra virgin olive oil (Carbonell, Co´rdoba, Spain), referred to oil throughout this paper, soymilk (Vive Soy, Pascual, Burgos, Spain), xanthan gum (Ketrol F[E]) donated by Premium Ingredients, S.L. (Girona, Spain), and inulin with the trade name Orafti Õ HP (BENEO-Orafti, Tienen, Belgium), which was a ''long-chain'' inulin with an average degree of polymerization (total number of fructose or glucose units) ! 23 and purity of 99.5% (producer's data).
Chickpea gel preparation
All the chickpea gels were prepared with water that had been used to cook chickpea seeds. For this purpose, the raw seeds were previously soaked in tap water (1:5 w/v) Food Science and Technology International 22 (6) for 16 h at 20 C. After the seeds had been hydrated, raw tap water (1:6 w/v) was added, and the soaked seeds were cooked in the water by boiling under pressure (98.07 kPa) for 20 min. After cooking, the cooking water was drained and reserved for subsequent use as an ingredient of the chickpea gels, whereas the seeds were discarded.
Two control chickpea gels, designated as control 1 and control 2, were prepared in this study (Table 1) . Control 1 chickpea gel was prepared from 80 g of flour, 2 g of salt, 1.5 g of xanthan gum, and 483.75 mL of cooking water. Control 2 chickpea gel was prepared from 80 g of flour, 2 g of salt, 1.5 g of xanthan gum, 3 g of chopped onion, 0.75 mL of tahini, 5 mL of extra virgin olive oil, 100 mL of soymilk, and cooking water. In the 11 other chickpea gels (Table 1) , the amounts of chickpea flour, salt, onion, xanthan gum, tahini, oil, and soymilk remained fixed as in the control 2 chickpea gel, whereas the amount of the minced garlic, lemon juice, curry powder, and inulin was varied between 0 and 3 g, 0 and 15 mL, 0 and 1 g, and 0 and 5 g, respectively, as shown in Table 1 . Thus, the total weight of each gel was always maintained at 567.25 g adjusting the total weight of each resulting gel with the cooking water. For that, in control 2 chickpea gel, the total amount of the chopped onion, tahini, oil, and soymilk added to the rest of the ingredients, i.e., 108.75 g, was subtracted from the original cooking water content (483.75 mL) in the control 1 gel. In turn, in the eleven other chickpea gels, the total amount of the minced garlic, lemon juice, curry powder, and inulin was subtracted from the initial cooking water content (375 mL) in the control 2 gel (Table 1) .
The combinations of added ingredients were chosen in accordance with a central composite design (CCD) with five level combinations, a ¼ 2, and with four independent variables (the added ingredients), which resulted in 31 experimental runs when replicated seven times at the center point (0) combination (Nwabueze, 2010) . From these runs, combinations were prepared corresponding to one center point (gel 1), each ingredient at corner and star points (-2 and 2, respectively) keeping the other three at the center point (gels 2, 4, 5, 6, 7, 9, 10, and 11) , and all the ingredients at the intermediate variable level combinations (-1 and 1, respectively) (gels 3 and 8).
A TM 31 food processor (Vorwerk Espan˜a, M.S.L., S.C., Madrid, Spain) was used to prepare the chickpea gels. In the food processor, all the ingredients were dispersed in the oil, soymilk, and required amounts of water and lemon juice (depending on the formulation). Both cooking and cooling process were carried out according to Canet et al. (2014) .
Instrumental chickpea gel evaluation
For the instrumental measurements, each chickpea gel formulation was prepared at least twice (two batches), and five replicates were measured from each batch. Results are means of 10 replicates from 3 7.5 0.5 2.5 361.5 Gel 10 0 7.5 0.5 2.5 364.5 Gel 11 1.5 7.5 0.5 0 365.5
Note: Control 1 was prepared from 80 g of flour, 2 g of salt, 1.5 g of xanthan gum, and 483.8 mL of cooking water. Control 2 was prepared from 80 g of flour, 2 g of salt, 1.5 g of xanthan gum, 3 g of chopped onion, 0.75 mL of tahini, 5 mL of extra virgin olive oil, 100 mL of soymilk (all of them were considered as fixed ingredients in gels 1-11), and 375 mL of cooking water. Gels 1-11 were prepared with the same fixed ingredients as control 2 and the amounts shown of minced garlic, lemon juice, curry powder, inulin, and cooking water in each case. Total weight of each gel was of 567.25 g.
two independent batches of each gel AE standard deviation (SD).
Instrumental color. The color of the chickpea gels was measured with a Hunter-Lab model D25 (Reston, VA) color difference meter Etted with a 5-cm-diameter aperture. Results were expressed in accordance with the CIELAB system (D65 illuminant and 10 viewing angle). The following parameters were determined: lightness (L*), redness (a*), yellowness (b*), and L*/b* ratio.
Protein content. Crude protein content was calculated using the Dumas combustion method (Moore et al., 2010) , and total nitrogen in the chickpea gels was measured with a Leco FP-2000 Nitrogen Determinator (Leco Corporation, St Joseph, MI, USA). The results were expressed as g total protein per 100 g of sample (percentage).
Texture analysis. The texture measurements were carried out with a TA.HDPlus Texture Analyser (Stable Micro Systems Ltd, Godalming, U.K.) equipped with a 49 N load cell. Three different tests were performed: a uniaxial compression test, a stress relaxation test, and a texture profile analysis (TPA). For the three tests, cylindrical specimens with a diameter of 25.4 mm and height of 10 mm were cut from each gel using a stainless-steel cork borer and a mechanically guided razor blade specially designed for this diameter (Canet et al., 2009 ). Specimens were compressed using a flat 45-mm-diameter aluminum plunger (SMS, P/45). During all the tests, the chickpea specimens were maintained at 25 C by means of a temperature-controlled Peltier cabinet coupled to a separate heat exchanger and proportional-integral-derivative control unit. A total of 17 the instrumental parameters were obtained from the force-deformation and force-time curves for each sample and series of tests (Table 2) .
Uniaxial compression test. The test was carried out in accordance with ISO/TS 17996jIDF/RM 205:2006(E). Cylindrical specimens were compressed up to a distance of 7 mm (70%). The trigger force was 0.01 N and the test speed was 0.83 mm s -1 . Compressions were made with each sample's upper and lower surfaces lubricated with mineral oil having a viscosity of 30 mm 2 s -1 . The parameters obtained were calculated according to Canet et al. (2005 Canet et al. ( , 2014 .
Stress relaxation test. Cylindrical specimens were compressed up to a distance of 4 mm (40%), and allowed to relax for 30 s. The trigger force was 0.05 N and the test speed was 6.7 mm s -1 . The parameters obtained were: F 0 (N), as the maximum compression force for a deformation of 4 mm; F i (N), as the force recorded after 30 s of relaxation; S r (N s -1 ), as the slope of the straight line joining the maximum compression force (6) and relaxed force points after 30 s; A r (N s), as the area under the force versus time curve; and F r (%), calculated as (F 0 -F i / F 0 ) Â 100.
TPA. In this case, the cylindrical specimens were double-compressed up to a distance of 7 mm (70%), with a rest period of 2 s between cycles. The trigger force was 0.05 N and the test speed was 5 mm s -1 .
Definitions of textural parameters obtained are given elsewhere (Alvarez et al., 2002) .
Sensory evaluation: profiling methods
Two different sensory profiling methodologies were used: QDA and consumer profiling of appearance, color, flavor, and textural sensations perceived before, during and after eating the sample. For both profiling methods, the freshly prepared gels (Table 1) were allowed to equilibrate at room temperature (21 AE 1 C) for 1 h prior to evaluation. The samples were served in white plastic vessels codified with random three-digit numbers. Chickpea gels were cut into 5 Â 2.5 Â 2.5 cm rectangular portions for presentation, and each panelist received two portions to evaluate each chickpea gel sample.
QDA.
A panel of five assessors, recruited among employees of the ICTAN-CSIC and with wide experience in descriptive analysis, was skilled specifically in descriptive analysis of chickpea gels. Descriptive panels usually have 8 to 12 assessors, although they may have more or as few as 4 (ISO 13299:2003) . Panelists received approximately 60 h of training in accordance with the ISO guidelines (ISO 8586-1:2012), during which they developed and defined descriptors and reduced between-panelist variation. Panelists were given the complete array of the 13 chickpea gel formulas (Table 1) to aid in development of the terms (Drake et al., 1999) . During the training, the panelists suggested a list of meaningful sensory attributes for the samples and a consensus on their use was reached; this entailed reaching a precise definition of the descriptors and how to evaluate each one (Stone and Sidel, 2004) , as well as agreeing upon the tasting procedure. A list composed of 21 terms regarding color, taste, and texture of the samples was finally created by consensus (Table 3) . During the evaluation sessions, panelists tested the 13 chickpea gels in duplicate over 26 sessions at a fixed time (1:00 p.m.). Chickpea gels were presented one by one in a sequential monadic way, in randomized order, and each assessor evaluated one sample per session. However, during sample evaluation, the two control samples were also presented every day for reference together with the corresponding daily sample (Jime´nez et al., 2013) . This process allowed the assessors to create the appropriate background for each scale. Panelists rated the intensity of attributes on a structured 8-cm line scale labeled at each anchor with the end terms shown in Table 3 (e.g. for hardness, left anchor: 1 ¼ ''low''; right anchor: 9 ¼ ''high,'' etc.).
RG method and free choice profile (FCP). A group of 30 consumers from 23 to 65 years old was recruited from the institute staff (ICTAN-CSIC). They were selected on the basis of their being chickpea product consumers. In the first session, RG was used to generate the vocabulary used by each consumer to describe the differences among the chickpea gels. Seven samples (control 1 and gels 2, 4, 5, 6, 7, and 9, Table 1 ) were presented to each consumer to generate terms. These samples were selected from analysis of QDA data in order to be sure that the sensory variation between them was sufficiently large. In individual interviews, samples were presented in three triads to each participant and he/she was asked to describe the similarities and differences in appearance first (before consumption), and then after smelling and tasting of flavor and texture (during consumption) within each triad in his/her own terms. The evaluation of the appearance and flavor of the gels instead of their color and taste (ISO 5492:2008) allows consumers to generate a greater number of descriptors to compare samples. The formation of the triads was performed according to Russell and Cox (2003) . The order of triad presentation was balanced among the consumers (Gains, 1994) and each consumer assessed three triads.
Finally, a set of three sessions was performed in which the sensory characteristics of the thirteen chickpea gel formulations were evaluated by FCP. Individual score sheets were prepared with each consumer's descriptors. The consumers rated the intensity of each term for each sample using a structured 8-cm line scale labeled at each anchor (left anchor: 1 ¼ ''not perceived''; right anchor: 9 ¼ ''intense''). Each consumer evaluated four chickpea gel samples in the first two sessions, and in the third session they evaluated five different samples. The gels were served following a balanced design to avoid a serving order effect.
Statistical analyses
Analysis of variance (ANOVA) of one factor was applied to the instrumental parameters to study the effect of the formulation; least significant differences (LSD) were calculated by Tukey test and the significance at P 0.05 was determined. The mean values shown were obtained from two batches of each formulation and five replicates measured for each batch. The overall variability in the instrumental parameters was also analyzed by Principal component analysis (PCA) based on Pearson's correlation matrix. PCA was also applied to evaluate the overall variability of the sensory attributes perceived by the trained panel using QDA. Then, generalized Procrustes analysis (GPA) was applied to the FCP data. Data analyses were carried out with SPSS Statistics 19.0 (SPSS Inc., Chicago, IL) and XLSTAT 2009.4.03 (Addinosoft, Barcelona, Spain).
RESULTS AND DISCUSSION
Objective color and protein content
Color is often the first parameter by which a consumer judges a food product before purchase. In addition, food legumes have been well recognized as valuable sources of dietary proteins, (Aguilera et al., 2009 ). Significant differences (P 0.05) in both product color and protein content depended on the level of variable ingredients incorporated (Table 4) . Control 1 prepared with the basic ingredients had the lowest positive b* and the highest L*/b* values and was the lightestcolored gel. In control 2, incorporation of chopped onion, tahini, oil, and soymilk to the basic ingredients significantly increased the positive a* (redness) and b* (yellowness) values but reduced the L*/b* ratio of the samples with respect to control 1. In general, in most cases additional incorporation of the variable ingredients (garlic, lemon juice, curry, and inulin) in the Not perceived-intense The mouthfeel of the product, once swallowed, consists in the perception of a thin layer covering the palate chickpea gels at the different levels reduced the a* values and increased the b* values (indicating significantly raised sample greenness and yellowness, respectively), and reduced the L*/b* ratio (darker color) with respect to both controls. Instrumental color analysis also revealed decreasing Hunter L* values in the absence of lemon juice (controls 1 and 2, and gel 5) and as curry incorporation increased (gels 7 and 8).
When compared with the controls, the gels 7 and 8 were the darkest (the lowest L*/b* ratios), which could be clearly explained by the toasty brown color of the curry powder used in this study. Gels 9 and 10, with the highest and lowest minced garlic contents, respectively, had the lowest a* and highest b* values, without significant differences between them, evidencing a low influence of garlic content on the color of the chickpea gels. In contrast, gel 11, without inulin, was the darkest after gels 7 and 8. Therefore, its presence gave rise to lighter-colored gels because it is a white powder, and also inulin forms small microcrystal aggregates that occlude a large amount of water (Jime´nez et al., 2013) .
All the gels with 100 mL soymilk added, containing 3.1% of soy protein (manufacturer's data), had a significantly higher protein content than basic control 1. Although significant, the protein content differences found between chickpea gels 1-11 were small. In fact, the highest and lowest contents corresponded to gels 1 and 2, respectively, and both were prepared with the same amount of all the ingredients except inulin, the quantity of which was double in gel 2 (Table 1) . As mentioned in Chickpea gel ingredients subsection, the crude protein content in the chickpea flour was 20.48 AE 0.05 g 100 g -1 lower than the protein content of 25.5 AE 1.05 g 100 g -1 in raw chickpea flour reported by Mohammed et al. (2014) . Protein contents of flours from different chickpea cultivars ranged from 20.6% to 26.7% (Kaur and Singh, 2005) . The total energy of one serving (suggested size of 60 g) of each chickpea gel was calculated by adding together the energy provided by the protein, total fat, carbohydrate, and dietary fiber. For control 1, the kilojoules in one serving are 1075, with protein contributing 22% of the energy value of the gel. Therefore, this chickpea gel may claim to be ''high in protein'' in accordance with the above-cited European Regulation (Reg. 1924 (Reg. /2006 ). In turn, as a consequence of the incorporation of oil and soymilk, control 2 and gels 1-11 had higher energy content (1310 kJ per 60 g). They also had higher total fat and protein contents, so protein contributed a slightly lower percentage (20%) of the energy value of these chickpea gels. Nevertheless, a claim may be made that control 2 and gels 1-11 are also ''high in protein,'' or at least a ''source of protein.'' Consequently, this newly developed chickpea gel may make a nutrition claim with respect to protein (Reg. 1924 (Reg. /2006 .
Instrumental texture measurements
All the parameters showed significant variations among the samples according to one-way ANOVA. Figure 1 illustrates the effect that the chickpea gel formulation had on selected parameters from each type of test carried out. Figure 1(a) and (b) clearly shows a significant decrease (P 0.05) in the fracture engineering stress ( u ) and relaxed force (F r ) in control 2 as compared to basic control 1, i.e. when 108.8 mL of cooking water was replaced by chopped onion, tahini, oil, and soymilk. Probable incorporation of oil reduced both u and F r producing softer systems, indicating that this ingredient behaves as soft filler. Mashed potatoes with added oil were perceived as less sticky and firm and, in contrast, the most creamy and aqueous (Jime´nez et al., 2013) . This result is associated with the ability of fat to lubricate, weaken, or soften the structure of food components. Gels 1-11 were prepared with the same fixed oil content as control 2. However, when more cooking water was replaced by variable ingredients, the values of u in the samples (gels 1-11) increased as compared to control 2 (Figure 1(a) ).
Chickpea gels behaved like a high-volume-fraction dispersion, so that the addition of garlic, curry, and inulin (extra dry matter) would be expected to result in a firmer product. Improved binding was also observed at a high level of lemon juice (Canet et al., 2014) . Nevertheless, there were no significant differences (P > 0.05) between the value of the parameter corresponding to control 2 and the values corresponding to gels 1 and 5, which were the lowest, or between the value for control 1 and the values for gels 3, 4, 8, 9, and 10, which were the highest. There were also no significant differences between the percentage of F r for control 2 and gels 1, 5, and 6 ( Figure 1(b) ), which were very low when compared with those of gels 3, 9, and 10. Note that the differences between the formulations of gels 1, 5, and 6 are C o n t r o l 1 C o n t r o l 2 G e l 1 G e l 2 G e l 3 G e l 4 G e l 5 G e l 6 G e l 7 G e l 8 G e l 9 G e l 1 0 G e l 1 1 C o n t r o l 1 C o n t r o l 2 G e l 1 G e l 2 G e l 3 G e l 4 G e l 5 G e l 6 G e l 7 G e l 8 G e l 9 G e l 1 0 G e l 1 1 C o n t r o l 1 C o n t r o l 2 G e l 1 G e l 2 G e l 3 G e l 4 G e l 5 G e l 6 G e l 7 G e l 8 G e l 9 G e l 1 0 G e l 1 1
Engineering stress (kPa Table 1 .
related to their lemon juice content (7.5, 0, and 15 mL, respectively); therefore, this result would seem to reflect that the levels of lemon juice used did not affect either the compression or relaxation properties of the chickpea gels. On the other hand, when the curry content was reduced in the formulation of the samples (gels 3 and 4), greater force was required to fracture the gel and F r was also greater, showing that curry powder content did affect the mechanical properties of the gels, reducing their strength and elastic properties. Figure 1(c) shows the cohesiveness (Coh) of the samples obtained in the TPA test. Coh defined as the strength of the internal bonds making up the body of the product (Alvarez et al., 2002) . According to Tan et al. (2015) , Coh quantifies the internal resistance of the food structure. There were no significant differences in the Coh of control 1 and gels 2, 3, 4, 6, 7, 8, 9, 10, and 11 . In contrast, Coh was significantly higher in control 2 and gel 5, without significant (P > 0.05) differences between them, which could be explained by their close water content or by the absence of lemon juice in both gels. Therefore, as the relaxed force decreased, the softness and internal resistance of these gel structures increased. Control 2 also had significantly higher Adh and Spr than the other samples (data not shown).
PCA was performed to obtain a simultaneous study of the variations in all the instrumental texture parameters of the chickpea gels containing the different levels of ingredients and the controls. A two-dimensional (2D) plot explained 83.33% of the total variance ( Figure 2 ). The first dimension (70.09% of the variability) was positively related to the u , c , E, and W f obtained from the uniaxial compression test, and to the F i and A r from the stress relaxation test. Component 1 was also negatively related to Coh from the TPA test. Correlations of the above-mentioned instrumental texture measurements with component 1 were higher than 0.900. The second component (13.24% of total variability) was positively related to Chew and negatively to S r . All compression and relaxation parameters except S r , were high and positively correlated with each other according to the correlation coefficients (not shown for greater brevity). In contrast, with the exception of hardness, the other texture parameters obtained from the TPA had lower correlations with the texture parameters obtained from the other instrumental tests.
Looking at how the samples were positioned in the 2D space, control 1 and gels 4, 9, and 10 appeared separately in the positive part of component 1, associated with higher values for compression and relaxation parameters, while control 2 and gels 1 and 5 appeared in the negative part associated with higher values for Coh and Spr. Therefore, higher compression strength was associated with less cohesive systems. Both control 2 and gel 5 did not contain lemon juice in their formulation, and the results also reflect that the addition of garlic, lemon, curry, and inulin at center points (gel 1) scarcely modified the instrumental texture of the chickpea gel compared with control 2. In the positive part of component 1, control 1 was prepared without oil or curry, and gel 4 also did not contain curry powder. Gel 2 (with the highest amount of inulin) appeared separately in the positive part of component 2 showing the highest Hard and the lowest rate of relaxation, while gel 11 (without inulin) appeared in the negative part and showed the lowest Hard and the fastest relaxation. The results also reflect differences in the internal structure of gels made with different amounts of inulin. Several papers have focused on the use of inulin in the dairy product sector, highlighting its thickening effect (Ta´rrega and Costell, 2006; Tseng and Xiong, 2009 ). In gel 2, the very high conformational mobility of the inulin chains might have favored interaction among molecules (Chiavaro et al., 2007) . In particular, longchain inulin can also act as a fat mimetic because of its ability to form microcrystals, which interact with each other to form small aggregates that occlude a large amount of water; this could also explain why gel 2 had the slowest relaxation. Figure 3 shows the relative positioning of the gels and attributes in the sensory space generated by the trained panel. The 2D plot explained 42.51% of the total variability, which means that the remaining components contained most of the information. This indicated a poor consonance between the judges and thus the need of the largest training effort. The first component (22.92% of the variability) was mainly related to taste and texture attributes. The gel 9 was scored with the highest garlic taste and roughness because it had the highest garlic content (3 g), while the control 2 was perceived as having higher palate coating, moisture, and creaminess. It can also be observed that gels 6 and 8 were perceived as having more intense curry and lemon acid tastes, respectively, indicating that the addition of the highest lemon juice content (15 mL) and a high amount of curry (0.75 g) was clearly perceived and described by the trained assessors with the appropriate taste attributes; moreover, both gels had very low chickpea taste scores, indicating that the addition of high levels of curry and/or lemon juice masked chickpea taste.
QDA -trained panel
The second component (19.59% of the variability) was defined mainly by texture and color attributes. Samples 4 and 11 were described as having more authentic color, shine, and color uniformity, reflecting mainly that the absence of curry and inulin led the trained assessors to score these gels as having higher chickpea taste. Both gels also obtained the highest scores for hardness, confirming that curry powder had a thinning effect on the chickpea gels.
Chickpea gels 5 and 7 were described as having either off-taste or off-colors and perceived as having higher adhesiveness and gumminess and lower hardness than the other samples, mainly reflecting that the addition of 1 g of curry powder (gel 7) produced an Table 1 . Air pockets (n ¼
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Consumer sensory analysis
Terms used by consumers to describe sensations perceived before and during chickpea gel consumption. All terms elicited from the consumers during the RG interviews to describe differences between chickpea gels were included in a list (Table 5) . Descriptors were grouped according to sensory modality into three categories: appearance, flavor, and texture. The consumers generated a total of 394 descriptors, although this high number of terms is due to the fact that many consumers used identical or similar descriptors, as shown by the frequency of occurrence. Excluding repeated terms, the consumers generated a total of 121 different descriptors, subdivided into appearance (48), flavor (35), and texture (38), with individual sets ranging from 9 to 21 descriptors with an average of 15. Therefore, a wider range of terms was generated to describe the appearance differences, and the terms differed between consumers. This could indicate not only that the number of appearance sensations perceived was higher but also that the consumers used different terms to describe the appearance sensations they perceived (for example, ''moisture'' and ''exudate'' probably have the same meaning for the consumers that generated them). The frequency of occurrence of one descriptor is likely to reflect the importance for the consumers (Dinnella et al., 2014) . The analysis of occurrences showed that the terms most frequently cited by the consumers were related to flavor (35%), followed by those related to texture (32.5%), and appearance (32.2%). This result shows a reasonable balance between the total sensations of each modality identified by the RG in the chickpea gels, reflecting the nonexistence of a predominant sensory category in the product. Among the terms related to appearance before consumption, color intensity was a term used by half of the consumers, while 37% and 20% of the consumers, respectively, also used presence of air pockets and moisture or exudate when describing the chickpea gels. Faulks and Griffiths (1983) stated that color is often the first parameter by which a consumer judges a food product before purchase. Probably the intensity of color of the chickpea gels from light to dark had other important quality implications because of its association with both desirable and undesirable flavor and aroma. The most cited terms in the flavor category were flavor intensity (80%) and chickpea flavor (73%). However, the consumers also used other descriptors such as insipid, onion flavor, garlic taste, acid taste, and curry, thereby identifying the ingredients added to the gels. Food Science and Technology International 22 (6) Among the texture-related terms, hardness was the term most frequently used by the consumers (40%), followed by creaminess, consistency, and easy to dissolve, which were used by 30% of the consumers. As mentioned above, the consumers generated 38 different terms within the texture sensory modality. This could be attributable partly to the high complexity of the various attributes involved in the texture of the chickpea gels, which is defined as ''all the rheological and structural (geometric and surface) attributes of the product perceptible by means of mechanical, tactile and, where appropriate, visual and auditory receptors'' (Foegeding et al., 2011) . On the other hand, in semisolid foods, hardness could properly be called consistency (Kramer, 1973) and in this study the consumers probably used the two descriptors indiscriminately to refer to the force required to achieve a given deformation in the gels. In contrast, Taranco´n et al. (2013) showed that all the consumers (n ¼ 28) agreed in using hardness to describe the differences among biscuits perceived at first bite. According to the authors just cited, in biscuits hardness corresponds to the force required for initial compression of the unbroken surface by the incisor while the surface is still dry.
Sensory differences between chickpea gels evaluated by consumer panel. The three-dimensional (3D) GPA plot obtained from analysis of the consumers' assessment of the chickpea gels is shown in Figure 4 ; the individual sensory descriptors explained by each dimension are listed next to each dimension. The total amount of variance explained by the first three dimensions of the average configuration for the consensus map of the 13 gels was 60.37%. Dimension 1 (41.38% of the variance) was mainly related to color and flavor terms. On the right side of the plot, appeared gels 6 and 7 prepared with the highest levels of lemon juice and curry, respectively, and perceived as having more color Figure 4 . Three-dimensional GPA plot of the differences between chickpea gels perceived by consumers. Identification of the composition of the gels as shown in Table 1 . Descriptors correlated (R 2 > 0.6) with the first three dimensions of the average space are listed in the boxes together with the number of times that the descriptor was mentioned, if more than once. and flavor intensities, more greenish yellow color, more curry and acid taste and being the most aromatic. The samples that stood apart on the left side of dimension 1 were the two control samples, which were smoother, more consistent, cohesive, and homogeneous and had a more intense chickpea and legume flavor, but they were also more insipid than the other gels. Gel 4 (without curry) was perceived as more similar to the two controls.
In general, the samples were distributed in dimension 1 according to their levels of curry powder and lemon juice. With regard to both ingredients, a decrease in their content moved the samples to the left side, indicating that the chickpea gels had become more consistent and cohesive, and smoother, and also had more chickpea flavor. The explanation of this could be that the higher contents of lemon juice, curry, and even garlic produced masking of chickpea taste. It was found that heating at high temperature ( > 80 C) in the presence of citric acid led to acid hydrolysis of amylose and amylopectin chains, which affected the gel strength and retrogradation of cornstarch gels (Hirashima et al., 2012) . In the presence of citric acid, cornstarch gels became brittle against large deformation and hard to deform against small deformation compared with the control.
The distribution of samples in dimension 2 (9.59% of the variance) mainly varied according to the amount of minced garlic added. Gel 9 prepared with the highest level of garlic, which increased hardness, compactness, and consistency, appeared separately in the upper part of the plot. The gels with a low level of garlic (gels 3, 5, 6, and 11), which were described as having more smoothness, pastiness, and creaminess, and being easy to swallow, appeared separately at the bottom of the plot. Therefore, an increase in the content of minced garlic moved the samples to the upper part of the plot, indicating that the chickpea gels had become harder and more consistent, and more porous.
In the third axis (9.40%), appearance characteristics such as air pockets and white spots, and flavor notes (garlic, onion, and acid taste) differentiated the chickpea gels made with different levels of minced garlic (gels 3, 4, 6, and 9) from those made without garlic (controls 1 and 2, and gel 10).
CONCLUSIONS
A novel chickpea flour-based product was developed with varying amounts of minced garlic, lemon juice, curry powder, and inulin ingredients and was compared with two control chickpea gels. Additional incorporation of these variable ingredients at their different levels significantly raised sample greenness and yellowness, causing a darkening with respect to both controls.
Lightness decreased in the absence of lemon juice and as curry incorporation increased, the samples prepared with 0.75 and 1 g of curry powder were the darkest. The levels of lemon juice used did not affect either the compression or the relaxation properties of the chickpea gels; in contrast, curry powder and inulin had thinning and thickening effects, respectively. All compression and relaxation parameters were highly and positively correlated with each other, whereas higher compression strength was associated with a lower degree to which the sample deforms. Chickpea gel without curry was perceived by the trained panel as being harder than the rest and having a higher chickpea taste. Low consonance between the trained assessors was found which means that better results could have been achieved with more training in the use of some of the attributes. RG combined with FCP was a useful tool for obtaining interesting information about the sensations that the consumers perceived before and while consuming the chickpea gels. With regard to consumer profiling of appearance, flavor, and texture sensations, ''color intensity'' and ''air pockets'' were the main appearance descriptors, and flavor was mainly described by ''flavor intensity,'' ''chickpea flavor,'' ''insipid,'' ''onion flavor,'' and ''acid taste.'' Among the texture attributes, ''hardness,'' ''creaminess,'' ''consistency,'' and ''easy to dissolve'' were the most frequently cited terms. The consumers used a different descriptive language to refer to critical texture attributes of the chickpea gels as hardness.
